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1. Introduction 
Mahendra Singh Sodha[1] dealt with damped motion of 
electron under the action of constant magnetic  and electric fields and 
determined current density and heating effects at steady state i e, when 
its acceleration disappears but he refrained from obtaining solutions  to 
the governing  differential  equations of motion. SN Maitra[2] tackled 
the same problem and worked out solutions to the differential 
equations in a different method to determine the velocity and the 
distance covered by the electron at any instant of time. However, in the 
present quest we embark upon the motion of an electron under the 
influence of alternative electric field and constant magnetic field but 
without taking into consideration any damping. 
 
2. Equations of motion 
  In this section the problem is tackled excluding the damping 
force. Let 𝑟  =ix+ jy and  
                 𝑣 =iVx+jVy                                                                                                                                                           (1)       
 be the position and velocity vectors  respectively of an electron of mass 
m with charge e at any instant of  time t with respect to a fixed frame 
OXY with the origin at point O and with i, j as unit vectors along OX and 
OY respectively at right angles. The electron is in motion due to the 
forces : 
 Magnetic field perpendicular to the electric field 
= 𝐵   =k B                                                                                                               (2.1)                                                              
Alternative (oscillatory) electrical field 
 =𝐸 cos𝜔0t =(iEx+jEy)cos𝜔0t  ;     𝐸  = iEx +jEy                                                                       (2.2)                                                                         
Where k = unit vector perpendicular to  i ,j and B is the magnetic field. 
 Ex   and Ey  are components of the electrical field along OX and OY 








                                                                                                                          (4)                                                                                               
Which can be reduced to the scalar form equating the 
coefficients of i,j from both sides: 
𝑉 x +𝜔𝑉y = -ax Cos 𝜔0t                                                                                            (5)        
𝑉 y –𝜔𝑉x = -ay Cos 𝜔0t                                                                                             (6)                                                                                                           
                (i× 𝑗 = 𝑘 ,    𝑗 × 𝑘 = 𝑖, 𝑘 × 𝑖 =j) 
     𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑑𝑜𝑡 𝑠𝑖𝑔𝑛 𝑎𝑠 𝑑𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑣𝑒 𝑤𝑖𝑡ℎ 𝑟𝑒𝑠𝑝𝑒𝑐𝑡 𝑡𝑜 𝑡𝑖𝑚𝑒 𝑡, Where 
some parameters involved are   
ax  =e EX/m,      ay = eEy/m,       𝜔 = 𝑒𝐵/𝑚                                                       (7)                 
 
3. Solutions to the equations 
Differentiating (5) and (6) with respect to t and thereafter 
eliminating 𝑉 y and  𝑉 x respectively we obtain two second-order 
differential equations 
𝑉𝑥 + 𝜔2Vx= ax𝜔0sin𝜔0t+𝜔𝑎ycos𝜔0t                                                                 (8)   
𝑉 y +𝜔 2 Vy = -𝜔𝑎xcos𝜔0t +ay𝜔0sin𝜔0t                                                             (9) 
Either of equations (8) and (9) admits of general solution 
consisting of complementary function and particular integral and their 
complete solutions are acquired subject to the initial conditions at  t=0, 
X=0,y=0,  Vx= 0,Vy=0 , and so  𝑉  x  =-𝜔𝑉y  and 𝑉 y=𝜔𝑉x    at t=0                 (10)                        
(by use of (5) and (6)). 
 
The general solution to equation (8) is given by 
Vx= Acos𝜔𝑡 + 𝐵 sin𝜔𝑡 + (𝑎x𝜔0sin𝜔0t +𝜔𝑎ycos𝜔0t)/(𝜔2-𝜔20)            (11) 
𝑉 x = (ax𝜔20cos𝜔0t –𝜔𝜔o𝑎ysin𝜔0t)/(𝜔2-𝜔02) +𝜔(−𝐴 sin𝜔𝑡 + 𝐵 cos𝜔𝑡) (12) 
Where A and B are constants. 
By use of the initial conditions (10), expressions (11) and 
(12) give the complete solutions as 
𝑑𝑥
𝑑𝑡
   = Vx = {𝜔𝑎y(cos𝜔0t-cos𝜔𝑡) + 𝑎x(𝜔0sin𝜔0t –ωsin𝜔𝑡))}/(𝜔2-𝜔20)    (13) 
and its acceleration is  
fx  =𝑉 x ={-𝜔(𝜔0sin𝜔0t-𝜔 sin𝜔t)ay +ax(𝜔20cos𝜔0t- 𝜔2cos𝜔𝑡)}/(𝜔2-𝜔20) (14)              
𝑑𝑦
𝑑𝑡
= Vy ={(𝜔0sin𝜔0t-𝜔 sin𝜔𝑡)𝑎y+𝜔𝑎x(sin𝜔𝑡 − cos𝜔0t)}/(𝜔2-𝜔20)      (15) 
fy=𝑉 y={(𝜔20cos𝜔0t−𝜔2cos𝜔𝑡)𝑎y+𝜔𝑎x(𝜔0sin𝜔0t -𝜔 sin𝜔𝑡)} /(𝜔2-𝜔20) (16) 
  where ( Vx , Vy) and (fx,,fy) denote velocity and acceleration 
components along OX and OY respectively. 
 
Now the components x and y of its displacement at time t are 
determined by integrating equations (13) and (15) with respect to t 




sin𝜔0t -sin𝜔𝑡) + 𝑎x(cos𝜔𝑡 − cos𝜔0t)}/(𝜔2-𝜔20)                   (17)          
Y ={(cos𝜔𝑡 − cos𝜔0t)ay+(sin𝜔t- (𝜔 𝜔 0) sin𝜔0t)ax} /(𝜔2- 𝜔20)          (18)      
 
4. Discussion 
Equations (17) and (18) suggest that the electron under 
these two forces in the absence of any damping force executes a typical 
oscillatory motion due to two superimposed   simple harmonic  motion 
with different amplitudes. 
Squaring and adding (17) and (18) is obtained its distance R 
from the origin : 
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R2 = [(ax2 + ay2)(1+(cos𝜔0t)2 +(𝜔  𝜔0)2(sin𝜔0t)2 ) -2{ax2((𝜔/
𝜔0)sin𝜔tsin𝜔0t +cos𝜔𝑡 cos𝜔0t) +ay2(cos𝜔𝑡 cos𝜔0t 
+(𝜔/𝜔0)sin𝜔𝑡 sin𝜔0t)}]/(𝜔2-𝜔02 )2                                                             (19)       
       
However, the times of attaining the maximum displacement, 
velocity and acceleration along with their magnitudes can be found out 
with the help of the above equations and the relevant numerical 
technique.  
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